The Souri cultivar, which is autochthonous to the eastern Mediterranean region, is the major olive variety cultivated traditionally under rain-fed conditions in Israel for hundreds of years. Even today, this cultivar occupies approximately two-thirds of the olive-planted area in the country and is based on rain-fed traditional cultivation. The cv. Souri is characterized by its high adaptability to semiarid conditions and occasional droughts, shallow and stony marginal soils, and varying climatic conditions (Jbara et al., 2010; Omar, 2012) . Generally its fruit has a high aromatic oil content reaching up to 30% in commercial extraction (Goor, 1948) . The cv. Souri olives are also highly appreciated as green natural fermented table olives, particularly because of their firm grainy aromatic mesocarp. Thus, cv. Souri trees were traditionally planted for generations around the villages in most regions of the country regardless of the local different and occasionally unfavorable environmental conditions in some of the locations. As a result of generations of planting and replanting of this cultivar in the various regions and environments, a high variability between trees of this cultivar developed. A survey of the trees in a wide range of the traditional rain-fed orchards resulted in identifying more than 15 morphological or developmental different types when compared under uniform growing conditions in the Hannania farm experiment at the lower Galilee (Lavee et al., 2008) . Eleven of those were tested for their genetic identity using random amplified polymorphic DNA polymerase chain reaction methodology used for the other major autochthonous cv. Nabali (Lavee et al., 1999) , and at least three defined groups were clearly visible. Based on the high variability within the 'Souri' tree population on both morphologic and genetic criteria, it was suggested to refer to that traditional cultivar as the ''cv. Souri family.'' It should be noted that all the different 'Souri' types are relative good producers under rain-fed cultivation conditions through defined alternate bearers (Lavee, 2007) . With the introduction of intensive cultivation and irrigation to the newly developing olive oil industry (Grattan et al., 2006; Greven et al., 2009) , it became apparent that the 'Souri' trees do not respond enough to the intensive cultivation. This is probably the result of generation of selection for adaptation of the Souri cultivar to limiting growth conditions. Although its yield doubled in most cases under intensive cultivation reaching long-term average yields of 6 to 8 tons fruit per hectare, its response to intensification and irrigation was still lower than that of various other cultivars. Because its oil and processed fruit are highly appreciated by the Israeli population, various selections were made in the country expected to be more responsive to intensification. ''Clonal'' propagated plants of these selections were distributed by the nurseries to many of the new intensive olive orchards planted during the last decades in Israel.
In the present study, the cultivation response, morphology, fruit development, production, and genetic identity of these ''clones'' planted and grown under uniform irrigated conditions were analyzed over different periods of time in three independent plots. The plots were located at the experimental farm of the Volcani center in the center of the Israeli coastal plane. This is the first study characterizing these clones from both the morphological and genetics points of view.
Materials and Methods
Vegetative propagated plants of five selected cv. Souri commercial ''clones'' were planted under intensive irrigated conditions in early 1974 at the Bet Dagan research institute and kept until 1998 (Plot A). Plot A was planted in a density of 4 · 6 m and was irrigated with 500 mm drip irrigation per year on top of a mean of 430 mm annual rain. A second plot with nine ''clones'' including the five ''clones'' planted in the first plot was planted in a density of 6 · 6 m in 1995-96 and kept until 2013 with the same irrigation scheme (Plot B). Six plants of each clone were planted in the first plot and three in the second in which were planted also some selected clones of other local autochthonous cultivars. A third plot (Plot C) consisting of one clone only, Souri Lod (SLO), was planted in 1984 for comparison of fruit growth and oil accumulation under rain-fed and irrigated conditions. The different ''clones'' used were selected in traditional orchards at different regions of Israel and each designated with a special code (Table 1) . Fruit and oil yields were recorded in most cases only during ''on'' years unless indicated differently. Fruit growth, percent dry matter, and the oil content were determined for three sample clones at weekly intervals during the growing season from the beginning of June until the second half of November. Mean fruit yield, fresh fruit size, percent pulp dry weight, percent stone, oil content on a dry weight basis, and the commercial oil content were calculated for each ''clone'' separately in both plots. The consistency of the fruit characteristics of the different ''clones'' with aging of the trees was determined for all ''clones'' in Plot B by comparing the results of fruit analyzed in Year 2000 with those performed 12 years later in 2012. Statistical significant differences in the analysis of variance tests were based on 2.5· SE.
Verification of morphological, developmental, and production differences between the ''clones'' on a genetic basis was performed using both the SSR methodology based on 16 SSR loci used in our last study (Biton et al., 2012) The list of SNPs is available on request from the authors.
To assess the genetic relationship between olive accessions, we estimated the genetic distance as D = 1 -proportion of shared alleles (PSA). PSA was calculated as
where PS is the proportion of shared alleles for each locus and L is the total number of loci (Bowcock et al., 1994) . A hierarchical clustering was performed on a pairwise D as a distance matrix using an agglomerative method called ''ward'' (Odong et al., 2011) . To reinforce our results of tree topology, a resampling of 1000 times was run on loci to create 1000 SNP sets and 1000 trees. To count the number of bipartitions that fit the tree, we used the ''ape'' R-package (Paradis et al., 2004; Popescu et al., 2012) . The bootstrap values are presented as percentages.
Results
Different cv. Souri ''clones'' were tested in this study. Oil accumulation started in fruit of the rain-fed trees at a somewhat higher level than in fruit of the irrigated ones but continued at the same rate until the end of August when it increased in the rain-fed fruit reaching a maximum in mid-October. In this particular case, the oil content in fruit of irrigated trees reached the same level but %1 month later.
A comparison of fruit growth, accumulation of dry matter, and oil during an ''on'' growing season under irrigated conditions was performed on trees of three cv. Souri ''clones'' of the five grown in Plot A, SLO, Souri Amka (SAM), and Souri Buchbinder (SBD) (Fig. 1) . Fruit growth proceeded at the about the same rate on the trees of all three ''clones'' until mid-September; thereafter, the fruit growth on the three different ''clones'' diverted. The growth rate of SLO and SBD fruits increased, whereas that of SAM remained rather constant. Toward the end of November the fruit of SLO was the largest, that of SBD slightly smaller, and that of SAM significantly the smallest (Fig. 1A) . The fruit growth, however, was not related to their ability to accumulate metabolites, dry matter, and oil. A reduced rate of dry matter accumulation in fruit of the SBD ''clone'' was noticed already in mid-August. Approximately 1 month later also oil accumulation in fruit of this ''clone'' started to drop off. Fruit of SLO, which showed the highest growth rate, also accumulated more quickly dry matter and reached a final higher oil content on a fresh weight basis than the fruit of the other two ''clones'' (Fig. 1B-C) . It should be noted that until the beginning of September, the rate of oil accumulation in the fruits of all three ''clones'' on a fresh weight basis was the same. Five commercially selected cv. Souri ''clones'' for irrigated cultivation were planted as early as 1974 in a uniform comparison plot in the Israeli coastal plain at BetDagan and cultivated for 20 years until 1994 (Plot A). A second plot also under irrigation was planted next to the Bet-Dagan national olive collection in 1996 and is kept to the present (Plot B). The second plot included the five ''clones'' compared in the first plot, one additional commercial ''clone,'' two later planted entries, and a cv. Nabali type used occasionally for comparison. A morphological fruit comparison of the eight cv. Souri ''clones'' from the second plot revealed a basic similarity between the different accessions except for the Gat-Shmanim ''clone'' (SGS). Although the fruit shape of seven ''clones,'' despite its within-''clone'' variability, was rather similar oval with a slightly pointed distal end and that of SGS was basically different exhibiting a clear pear shape. The same variation was apparent also in the shape of the stones. Still some slight variation in the diameter (thickness) between both the fruit and the pit could be noted (Fig. 2) . Furthermore, the anthocyanin development during maturation in the fruit of SGS started at the distal end, whereas in all other ''clones,'' it developed in the opposite direction starting from the proximal end near the petiole. The difference in maturation apparent in the picture is of no clear significance because the picture represents fruit of a single year (2012) disregarding the specific fruit load on the trees. As will be shown later, the SGS seems to be a true clone or independent cultivar because on the basis of a genome SNP analysis, it was obviously different from all other ''clones.'' Still no significant difference between its leaf form and that of any of the ''clones'' was apparent.
A comparison of the yield and fruit characteristics of five ''clones'' (SLO, SAM, SDH, SBU, and SBD) was performed in both the 1974 and the 1996 plots, when the later three additional ''clones'' were added (SLA, SGS, and SH-1). The data were collected during 5 ''on'' years starting when the trees were 6 years old and presented as means for that period. Generally the mean performance of the five ''clones'' during 5 ''on'' years in the two successive plots (20 years apart) was most similar (Table 2) . The difference in yield and fruit characteristics between the different ''clones'' was also small, although a few significant differences between them were apparent. The mean yield of SLO and SAM during the 5 ''on'' years was significantly higher in both plots than that of the other three, which did not differ between them. The SLA ''clone'' only present in Plot B had a similar fruit yield as the three ''clones'' with the somewhat lower production. The variability in fruit size between the ''clones'' was slightly different although the tendency was about the same. The fruit on the SLO trees was the largest in both plots and that of SBU the smallest, whereas the fruit of SBD was relatively larger in Plot A than in Plot B. However, the fruit size of all ''clones'' was larger in the 1996 Plot B than in the earlier planted Plot A ( Table 2 ). The fruit size of the additional ''clones'' in Plot B was in the same order of magnitude as the others with SGS developing the largest and SLA the smallest fruits. The relative pit size (%/fruit) was about the same in all the ''clones'' and in both plots except for the percent pit in the fruit of SBU, which was higher than the others in both plots. No significant difference in percent dry weight was found between the ''clones'' in Plot A and in Plot B but for the fruit of the SBU ''clone,'' the percent of dry weight was somewhat higher. This was also the case in Plot A although in that plot, it not significant. The relative oil content on a dry weight basis was the same in all five ''clones'' and in both plots but higher in fruits of SGS and SH-1 and lower in that of SLA present only in Plot B. The mean percent of commercial oil (on a fresh weight basis) was about the same in all ''clones'' grown in both plots with only slight differences, although in both plots, the percent of commercial oil was somewhat (not significantly) higher in fruit of SLO and that of SGS in Plot B ( Table 2) .
The mean fruit size and relative oil content in the fruit of the five cv. Souri ''clones'' grown in Plot A during 5 ''on'' and 5 ''off'' years was compared and the percent change calculated. Yield is not shown as the yield during the ''off'' years was low and not commercial. As expected, the difference in fruit size was profound reaching more than 50% in fruits of SAN and SUB but only 30% to 40% in the fruits of SLO, SDH, and SBD (Table 3 ).
The differences in the level of the relative oil content between the ''on'' and ''off'' years were rather small and varied considerably between the ''clones'' from -0.8% in fruit of SBD to over 6% for fruit of SDH and SBU. The mean level of oil content was higher in the ''off'' years than in the ''on'' ones except in the fruit of SBD (Table 3) .
A comparison of some fruit characteristics from young 6-year-old trees of seven cv. Souri ''clones'' with the fruit on the same trees 12 years later when the trees were 18 years old was performed in Plot B. Only fruit from trees with a relative similar fruit load were used for the comparison. The general mean of fruit size, percent pit, and fruit coloration of fruit from all seven ''clones'' on the young and mature trees was rather similar. At the same time, the percent pericarp dry weight and the relative oil content per fresh fruit were higher in the older trees. The percent of oil on a dry weight basis showed an opposite trend. However, for most ''clones,'' no uniformity of the different fruit characteristics from the young and mature trees were apparent (data not shown). As a result of the divers distribution and variability between the fruit characters from the 6-and 18-year-old trees of each ''clone,'' no predictability on future performance was possible based on that of the young trees.
The growth of the seven cv. Souri ''clones'' in Plot B was evaluated in Winter 2012-13, 18 years after the orchard was established, by determining the circumferences of the trunks. Five of the irrigated cv. Souri ''clones,'' SLD, SBU, SBD, SLA, and SH-1, reached a similar size with a trunk circumference of 75 to 85 cm. The mean trunk size of the SDH ''clone'' was significantly thinner and that of SAM thicker (Fig. 3) . It should be noted even though these differences were less apparent in the size of the canopy (data not shown).
Finally, all the studied cv. Souri ''clones'' were analyzed for the level of their genetic identity using both SSR and SNPs methodologies including also a cv. Nabali clone as a reference to another morphologically similar autochthonous cultivar. Using 138 SNPs entries, all the cv. Souri ''clones'' analyzed showed high uniformity with only the SGS differing significantly from all the others as well as the cv. Nabali exhibiting a clearly different DNA combination (Fig. 4A) . Based on the SSR analysis using 16 SSR loci, some more defined differences and grouping of the ''clones'' were visible (Supplemental Table 1 ). The SLO and SLA seemed most close to each other and also SDH and SAM. These two pairs were rather close to each other and also to SBU and could be considered one group (Fig. 4B) . The SGS was slightly out of this group but still rather close to it. The SSR analysis indicated a separate group for the SH-1 and cv. Nabali, which is rather odd, whereas next to it, although independent and quite distant from all other ''clones,'' we found the DNA makeup of SBD. 
Discussion
The cv. Souri is a cultivar highly resistant to drought and limited edaphic conditions and is the major cultivar in the rain-fed orchards in Israel. This adaptation to harsh growing conditions over many decades is accompanied with a limitation to respond to intensification and irrigation. Because the fruit of the cv. Souri is highly appreciated by consumers both for its oil and table olives, clonal selection was initiated aiming to identify lines more responsive to intensification imperative for economical reasons. Similar clonal selection was performed successfully within traditional cultivars in various countries (Belaj et al., 2004; Oueslati et al., 2009; Tous et al., 1998 Tous et al., , 2011 . Irrigation was previously shown to double the fruit yield by increasing the fruit bearing surface, but mainly as a result of an increase in fruit size. It is important to note that the reduction in the relative oil content when grown on no limiting soils is small when harvested at a similar maturation stage of the fruits (Lavee and Wodner, 2004) . Eight cv. Souri lines for intensive cultivation were selected mainly by nurseries of which seven are grown commercially. However, the use of these lines or so-called ''clones'' to the present is rather arbitrarily with no real supporting data. In the present study, we performed a long-term comparison among most of these ''clones.'' Comparing the seasonal rate of fruit growth and oil accumulation of three ''clones,'' SLO, SAM, and SBD, revealed slight differences among them. However, the differences were small with fruit growth and oil accumulation developed independently except for SLO, which responded better to the intensive condition than the other two ''clones.'' In two successive experimental plots for %20 years, the mean fruit yield of SLO and SAM during the ''on'' years was also slightly, although significantly, higher than that of the other three ''clones,'' SDH, SBU, and SBD, compared in those two plots. This was the case also for the commercial oil content in fruit of SLO in both plots. Although the differences in the mean fruit yield and oil content between the tested ''clones'' in the ''on'' years of both plots were rather small, the general trend of performance of the tested clones was stable and about the same in both plots. Some significant differences were also found in fruit size, percent stone, and percent dry material, particularly in fruit of SBU. Despite the small but stable differences in performance and fruit characters of the different ''clones,'' the DNA makeup based on SNPs was most similar for all ''clones'' except for SGS, which according to this analysis could be considered a true unique clone of 'Souri' or even a closely related independent variety. This could be the case also on the basis of the SSR analysis, which showed somewhat more defined differences between the DNA of the different tested cv. Souri ''clones.'' The different mutational properties of SSR and SNP markers result in differences in heterozygosities and allele frequencies that have implications regarding their use in assessing phylogenetic relationships and genetic diversity (Ellegren, 2004; Li et al., 2002) . It should be noted, however, that the uniformity of long-term performance of the different ''clonal'' trees could not be deducted from their behavior during the first full production year of the young trees. Translation of the performance of the young trees to the level of performance in general or a single future year in particular is not possible as shown by comparing the performance of young trees 6 years after planting with the performance of the same trees during a single year 12 years later.
Including the ''off'' year fruit data in the performance calculation of the ''clones'' would as expected make a major difference in the fruit size data because the mean fruit size during five ''off'' years in Plot A was %40% larger than in the ''on'' years. However, the mean relative oil content in the ''on'' and ''off'' years differed only slightly with a maximal increase of %6% in fruit of SDH and SBU. Because the yield in the ''off'' years of all the cv. Souri ''clones'' was very low, the data of the ''off'' years were not included in the comparison. The cumulative growth of the different ''clones'' on the basis of the trunk circumference was the same for five of the ''clones'' but there was a considerable different for two, SAM and SDH, with the first being larger and the second significantly smaller than the other five despite that these two ''clones'' appeared as a most closely related pair in the SSR analysis of the DNA identity.
To conclude, it seems that neither on tree performance and fruit morphology nor on the basis of the DNA analysis can a clear-cut decision regarding the nature and of the differences between the tested cv. Souri ''clones'' can be drawn. On the basis of two successive plots, each was maintained for %20 years. It is possible to conclude that those differences identified between the ''clones'' are stable at least under the Bet-Dagan irrigated growing conditions. The SNP analysis of the genome indicates high identity of the ''clones'' except for the SGS one; however, SSR analysis of the DNA from the various ''clones'' revealed some differences between them. We assume that as a result of the level of differences or identities, we could consider identifying the SGS, SLO, and SBU as true clones, whereas the others should be considered as one group with no genetic slight changes occurring occasionally in the orchard. 
